Abstract. Many of the world's oceanic and oceanic-like extinction events affected at least 27% of autochthonous mammal species on the world's oceanic and oceanic-like islands possessed endemic mammal faunas before they were islands. This percentage rises the 35% when volant mammals colonized by humans. These faunas, unbalanced and are excluded. This reduction in the natural biodiversity impoverished compared to continental faunas, usually brought about the disappearance of several unique lacked large mammalian carnivores. In virtually all cases, biological types that apparently never existed on the the arrival of humans and their domesticants and continents. commensals on these islands is related to the extirpation of large numbers of endemic insular mammals. These
INTRODUCTION
those that have been previously connected to continents but are faunistically similar to oceanic islands (because the There is an extensive literature on the extinction of bird island-continent connection occurred in the distant past, species on islands (Greenway, 1967; Temple, 1985; Fuller, was of short duration, or did not promote faunal transfer). 1987; Johnson & Stattersfield, 1990; Steadman, 1991  Examples of oceanic-like islands are the greater part of the Milberg & Tyrberg, 1993; James, 1995) . However, the Mediterranean Islands (joined to the surrounding continents available bibliography on insular mammal extinctions is during the Messinian -5.3 million years ago -though rather sparse, and there is not an overview on the subject.
isolated by saline deserts during that connection, but isolated Several authors (Heaney, 1984 (Heaney, , 1986 Cheylan, 1984 Cheylan, , 1991  during the Pleistocene), the Falkland Islands and Wrangel Woods, 1990; Flannery, 1995) analyse the extinction of Island (joined to the continents during the Pleistocene, but insular mammals on the East Indies, the Mediterranean with very strong faunal filtering due to glacial conditions), Islands, the West Indies and on some Pacific islands. Woods and some of the Mentawai Islands (joined to South Asia & Eisenberg (1989) performed an analysis upon mammalian through Sumatra during pleniglacial times (18,000-15,000 extinctions on Madagascar. Martin (1985) introduces some ), but via an isthmus narrow enough to act as a powerful data upon the mammalian extinction on the Mediterranean filter). Oceanic and oceanic-like islands vary greatly in area and on oceanic islands: an indeterminate number of extinct (from West Anacapa Island -2.3 km 2 -and Little Swan endemic species belonging to thirteen genera on the Island -3 km 2 -to Madagascar -580,000 km 2 ), and in degree Mediterranean Islands and twenty-six to thirty-six extinct of isolation from mainlands (ranging from a few kilometres mammals from oceanic islands are recorded.
to over 3000 km in the case of the Hawaiian Islands). In This paper takes a comprehensive approach to the contrast, continental islands are those that have been problem of mammalian extinction on islands. First, we broadly connected to continents and their faunas are subsamples of the continental faunas, mainly harmonic, investigate the level of species diversity achieved by with low levels of endemicity and a greater diversity of mammals on oceanic and oceanic-like islands throughout species. the world. Later, the patterns of extinction of insular mammals will be explored, analysing the extent of extinctions and the factors affecting the extinction rates.
INSULAR ENDEMIC MAMMALS We consider oceanic islands to be those that have never been connected by dry land to any continent. The faunas Species richness of mammalian faunas on oceanic and of these islands show a high rate of endemicity, they are oceanic-like islands (hereafter called true-islands) was unbalanced (disharmonic) in comparison to continental estimated using a recently published catalogue of recent faunas (i.e. with peculiar proportions of the ecological types, mammals (Wilson & Reeder, 1993 ) and a supplementary unrecorded at the continents), and they display low diversity list covering recently extinct insular mammals not included of species at the higher taxonomic levels (Carlquist, 1974;  there (Alcover et al., in press ). We include as recent, those extinctions affecting the taxa that were found living by the Blondel, 1979; Williamson, 1981) . Oceanic-like islands are first human settlers on the oceanic and oceanic-like islands performed at the subordinal level in the case of rodents, given the very different patterns recorded for sciurognaths worldwide (see Alcover et al., in press ). Our estimate is exclusively based on endemic insular mammals from trueand hystricognaths. At least three mammalian orders have lost all their insular representatives following human islands. Thus, it represent a minimum approach of the insular mammalian biodiversity. The actual species diversity colonization of the islands (Proboscidea, with five, or possibly more, insular representatives; Xenarthra, with achieved by mammals on islands must have been higher, because our estimate does not include the nonendemic eighteen, or perhaps fewer, insular representatives; and the recently described Bibymalagasia, with only two species). mammals inhabiting the islands before the arrival of humans. This category comprises a considerable number of Extinction on islands has also greatly affected the hystricognath rodents (69% of all insular species of this species of bats.
We consider the 'total complement of recent species' suborder), Artiodactyla (65%) and Carnivora (42%). Insular Primates and Lagomorpha show medium rates of extinction, (hereafter, TCRS) of mammals as species currently living, together with those that lived at least until the while the lowest extinction rates are found in Chiroptera (6%), Insectivora (22%) and the sciurognath rodents (22%). Pleistocene-Holocene boundary (and whose disappearance probably is largely or exclusively related to anthropogenic Peramelemorphia, Diprotodontia, Dermoptera and Scandentia are only poorly or not known as fossils on factors). Actually, this TCRS represents the species biodiversity reached by the Class Mammalia on the Earth islands, and are excluded from consideration for this reason. These figures clearly show that extinction on islands has at the Pleistocene-Holocene boundary, and emphasizes that the currently living species are only a sample of the 'natural' affected some systematic groups more than others. The frequency of extinct and living species is dependent of the diversity (i.e. not affected by humans or human-related factors). Our criterion for defining TCRS is quite mammalian order, as has been statistically confirmed by a 2 -test (
Orders with small appropriate for insular faunas, because extinction events usually followed human colonization. In the case of expected frequencies have been excluded (Peramelemorphia, Scandentia, Dermoptera, Proboscidea, Lagomorpha and continental faunas the same criterion is more difficult to apply, since different theories are available to explain the Bibymalagasia).
The overall rate of extinction of terrestrial mammals on causes of the species' extinctions (Marshall, 1985) , and there are more uncertainties regarding the chronology of the islands after the arrival of humans is ≈27%, including all the groups of endemic islanders, and ≈35% if flying extinctions. Consequently, the estimates we present here are likely to be more accurate in the case of insular faunas than mammals are excluded. Local disappearances (i.e. loss of insular populations of species still currently living on other continental ones. In any case, a more accurate estimate of the number of recently extinct species of continental mammals islands) are excluded from these rates. Therefore, more than one-third of the TCRS of terrestrial nonflying mammals would only slightly alter the results of our analysis.
have become extinct following the arrival of humans on the world's true islands. This percentage is a minimum estimate MAMMALIAN EXTINCTION ON ISLANDS of the rate of extinction of insular mammals, given that several species of uncertain status have been tentatively Extinction extent considered as extant in this paper. Conversely, some species considered extinct may still exist, although the numbers The results of our analysis are shown in Table 1 . We estimate that the TCRS of mammals to be around 4945 (v. 4629 falling into this category are so few that, even if they persist, they would have little impact on our results. 'recent' species calculated from Wilson & Reeder, 1993) . The insular TCRS includes the insular mammal species recorded by Wilson & Reeder (1993) , excepting Amblyrhiza Factors affecting extinction rates inundata (see Bicknevicius et al., 1993) , Suncus madagascarensis (a junior synonyme of Suncus murinus) and
The available data suggest that the extinction of mammals on islands has been influenced by different factors. Time of some Procyon species (that hardly are full species, because they differ only slightly from the mainland Procyon lotor human arrival, island area, geographical location of islands, species ecology and species body size are among the factors populations; see for example Koopman et al., 1957) , and adding the 'forgotten islanders' (Alcover et al., in press) .
(often in combination) which appear to have influenced likelihood of extinction in many contexts. Also we included a minimum estimation of the recently extinct mainland mammals coming from the data of Kurten
The effect of time elapsed since human arrival becomes obvious when comparing extinction processes of similar & Anderson (1980), Stuart (1982) , Martin (1985 ) Anderson (1985 , Murray (1989) and some recently discovered taxa on roughly similar islands (with similar size and general landscape) colonized at different epochs. A case in point is mainland mammals (e.g. three new artiodactyl genera from Vietnam and Laos; Dung et al., 1993; Wolfgang & Feiler, the rate of extinction of sciurognath rodents on the Canary Islands v. the Galápagos Islands. While in the former case 1994). Of the TCRS mammalian number, 697 species are from true islands (including 183 species of bats). To put no species has survived (before human arrival there were three), in the Galápagos there are now three to five surviving this figure in perspective, 14% of recent nonmarine mammals live (or have lived until recently) on the true islands only. species (of eleven known previously). This difference in survival rates could be partly due to the later human Extinction on these islands has occurred in most ordinallevel taxa, albeit to very different degrees. Analysis has been colonization of the Galápagos Islands. Alternatively, the difference could be due to the relatively isolated location of Living mammals have been classified into sixty-four categories according to their feeding habits and substrates the Galápagos.
The extinction rate is often higher for smaller islands (Eisenberg, 1981) . The occupancy of the niches as defined by Eisenberg (1981) has not been definitively analysed, (Heaney, 1984) . Madagascar, the largest true island in the world (other than Greenland, not pertinent here), still neither at a global scale nor at an insular scale. The global study exceeds the purpose of our paper, but an approach possesses primates and carnivores, although in other islands members of these groups have completely disappeared.
to the occupancy of niches on islands can be outlined. Although we cannot be absolutely certain as to what However, the relationship between rate of extinction and island size, that holds true only on a large scale, seems weaker categories a number of the extinct mammals should be placed into, it seems clear that the categories into which on a small scale. Various insular species have persisted longer on smaller islands clustered around larger ones than they living mammals most frequently fit (represented by 'flying insectivores', 'terrestrial insectivores/omnivores', 'terrestrial do on the big islands themselves. An example is for Antillean capromyids, which still survive on some small keys grazer herbivores') are those which have had the least extinction rate on islands. In contrast, the insular mammals surrounding main islands. Also Prolagus sardus, an ochotonid which apparently survived until the 18th century which fall in less common categories for living continental mammals were generally more prone to extinction (e.g. on the island of Tavolara (north-eastern Sardinia) though it had become extinct long before on the islands of Corsica Megaladapis, a Malagasy primate, probably an arboreal folivore, that could be considered convergent in some and Sardinia.
There are also regional differences in extinction rate. The regards to the koalas or to species displaying hindlimb suspension, slow climbing and some hanging, see Vuillaumerate of extinction of mammals is very high for the West Indies and the Mediterranean islands (see Table 2 ), whereas Randriamanantena et al., 1992 and Godfrey et al., 1995;  Acratocnus, an arboreal sloth from Puerto Rico; Babakotia it seems to be much lower for the islands between Asia and Australia. This low rate of extinction for the Australoand Palaeopropithecus, lemuroids from Madagascar, with a life-style similar to the living sloths; or the very strange Oriental intercontinental mega-archipelago, in comparison to the two other intercontinental mega-archipelagos (the Plesiorycteropus from Madagascar, most probably -though not certainly -an anteater, see MacPhee, 1994) . The selective New World West Indies and the Afro-European Mediterranean islands) might be related to when humans extinction of the most unusual biological types, together with widespread importation of allochthonous species must first colonized these islands. A pre-Neolithic technology might have precluded the capability by the first human have necessarily and substantially changed the original ecological communities on islands. Predatory mammals inhabitants of the islands to cause extinctions. The colonization of Australia by modern humans indicates that have disappeared from or never existed on many true islands (Alcover & McMinn, 1994) and endemic carnivores continue the islands between Australia and Asia must have been colonized before 40,000 . There are even indications of to exist only on Madagascar, Sulawesi and the California Channel Islands. Insectivores have almost completely much older colonizations on islands such as Flores, Timor and Sulawesi (Sondaar, 1987; Sondaar et al., 1994) . So disappeared from the Antilles and have not been replaced by introduced insectivores. The bibymalagasians have ancient a human presence could have meant that fewer faunas were affected by extinction on these islands than on disappeared from Madagascar, where they have not been replaced by any analogous species from other areas. the islands colonized by Neolithic or post-Neolithic humans. Thus, possibly as in Africa, but in sharp contrast to America Monkeys have disappeared from the Antilles, as did sloths. The large herbivores (Proboscidea, Artiodactyla) have and Australia (Martin, 1985) , the faunas of the islands belonging to the Australo-Oriental intercontinental megaÿ-disappeared practically everywhere. There is little doubt that the disappearance of these mammals has brought about archipelago might have avoided extinction because of a long coexistence with humans. ecological changes in island communities. The extent of change to insular ecological communities, already described The pattern of extinction of mammals on islands also appears to be related to locomotor and feeding adaptations.
for ornithological groups (James, 1995) , has surely been (1990) , and adding the numbers and estimates of extinctions of Johnson & Stattersfield (1990 ), Steadman (1991 ) and Milberg & Tyrberg (1993 . Numbers for mammals and birds in the Amazon lowlands after Simpson & Haffer (1978) , Mares (1992) and Sick (1993 significant with regard to mammals although no thorough CONCLUSIONS studies of the consequences of these changes have been Through this recent extinction event, the natural biodiversity undertaken to our knowledge.
of mammals and birds on the Earth has been substantially Body size seems to have been yet another factor affecting altered (especially on islands). Not only have all of the the extinction of insular species. Large mammals have a representatives of certain orders and families or various greater likelihood of extinction than small mammals extraordinary biological types been lost, but there has even (Heaney, 1984) . Among Rodentia, hystricognaths show an been a change in the proportions in which different extinction rate almost four times higher than that of ecological and taxonomical categories naturally manifested sciurognaths. The orders which have been most affected themselves on islands. by extinction (Proboscidea, Artiodactyla, Bibymalagasia, A point which should be stressed is the great importance Primates) include large and mediumÿ-sized species. The of true islands for different groups of vertebrates. We had relationship between body size and extinction is obvious already noted that 14% of the TCRS of mammals and 30% from an overall perspective. 72% of large (> 44 kg) and of TCRS of birds are islanders. Even among currently living mediumÿ-sized (5-44 kg) insular mammals have disappeared species these percentages are 10% and 12%, respectively. If while the figure for small mammals (< 5 kg) is 20%. A 2 -we consider that the total area of true islands represents test of the 3×2 table relating size and extinction shows that ≈2% of the Earth's land surface, the importance of islands differences are very highly significant (P< 0.001). However, in generating biodiversity far exceeds what it would be relationship between body size and extinction may not expected. The important role of islands in maintaining always hold true among small species. For example, in the biodiversity for these groups is shown clearly in Table 3 , Antilles, all the species of Nesophontes (less than 50 g of where figures are compared for birds and mammals on weight) have apparently disappeared, while two of the much oceanic and oceanic-like islands and in neotropical rain larger species of Solenodon (upon 1000 g of weight) still forests (sensu lato, i.e. Amazonia, Orinoquia and Choco). survive.
The number of recent mammals from these forests is taken A comparison of the mammal extinction rates with those from Mares (1992). The same figure for birds is from of birds (Table 3) shows that the patterns of extinction are Simpson & Haffer (1978) and Sick (1993) . The diversity per not similar. The number of TCRS of insular birds is still unit of area is much higher for the whole of the oceanic unknown, due largely to the lack of palaeornithological and oceanic-like islands (which individually are considered investigation of many islands. Recent studies (Steadman, 'poor' in species) than for the whole of the neotropical 1991, 1995) suggest that at least 2000 bird species may have rain forests. Clearly two different measures of diversity are become extinct in the Pacific Islands in Recent times. An important ( -diversity in the analysis of the neotropical approximate estimate is that the oceanic and oceanic-like faunas v. -diversity among the island faunas), which reflect islands have sheltered no fewer than 3500 recent indigenous two very different aspects of what diversity represents. bird species. This estimate comes from Sibley & Monroe Conservation biology should not underestimate the (1990) together with the data and estimations of recently biodiversity which can be maintained by protecting islands extinct birds (Steadman, 1991 Milberg & Tyrberg, with a poor -but unique -representation of faunas. 1993) and means 30% of the TCRS of birds on Earth. Olson (1989) provided an initial estimation, very close to this one. The very recent approaches of Martin (1996) and Price (1996) to bird species numbers has been impractical with our data, because we cannot apply their criteria to extinct ACKNOWLEDGMENTS species. Moreover, it is unknown if increasing numbers of bird species postulated by these authors would be similar on
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